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This invention relates to electrical prospecting 
and has for its object certain improvements in 
apparatus for electrical prospecting. The in 
vention relates more particularly to an improved 

5 apparatus that may be employed for determining 
and comparing electric potentials or electro-mag 
netic ?eld strengths, such as are encountered 
when investigating arti?cial electric ground ?elds 
set up for the purpose of making geophysical ex 
plorations on the earth's surface and the like. 

Arti?cial ground ?elds may be produced in 
areas or tracts to be investigated by direct cur 

10. 

rent or alternating current excitation. When di-' 
rect current is used, the investigation of the 
ground ?eld need be made only in respect to its 
potential or ?eld strength. When alternating 
current is used, on the other hand, an investiga 
tion to be complete must in addition include also 
a determination of the time or phase relation be 
tween the exciter ?eld, set up to induce the ground 
?eld, and the ground ?eld itself. This is the 
reason why methods and apparatus heretofore 
designed for direct current exploration cannot 
generally be used for alternating current explora 
tion especially if a neutralizing or compensating 
principle is involved; which appears highly neces 
sary in order to obtain optimum results. Even 
with respect to methods and apparatus hereto 
fore proposed for direct or alternating current 
exploration, serious 'di?iculties exist that com 
plicate the analysis of the resultant readings. 
These’ di?iculties concern the elimination of re 
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sistances that are not necessary for the ?nal. 
analysis, as for instance ground contact resist 
ances, or internal instrument resistances, the 
values of which vary for different settings of the 
apparatus employed. 
As a result of my investigations I have deter 

mined that these di?iculties may be substantially 
overcome by the use of a novel apparatus for con 
ducting the geophysical exploration. The appa 
ratus permits the determination of potential drop, 
or electro-magnetic ?eld strength, ratios, and 
eliminates by the same operation substantially all 
unnecessary or interfering ground contact, or in 
ternal instrument, resistances. 
In general, the method of the present inven 

tion is carried out by creating an arti?cial elec 
tric or electro-magnetic ground ?eld in a tract 
of land and by determining the ratio between the 
electric potentials or the electro-magnetic ?eld 
strengths created by such ground ?eld at spaced 
points in the tract. In accordance with the in 
vention, this determination of the ratio between 
the potentials or electro-magnetic ?eld strengths 
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(or. 115-132) 
is carried out in such a manner as to eliminate 
the resistance of ground electrodes, or other pick 
up means, changes in the strength of the ground ‘ 
?eld or variatlonsin the resistance of the in 
struments employed, etc. 
The potential or ?eld strength ratios are con 

veniently determined from the ?ow of current 
produced in a conductive net-work including suit 
able variable resistances and inductances and 
current responsive means, the potentials or ?eld 10 ' 
strengths at the points under investigation being 
impressed on the net-work through suitable pick 
up means, such as electrodes conductively 
grounded in the tract, or receiving coils inductive 
ly associated with the tract. 
The above mentioned resistances are elim 

inated by making two separate determinations 
of the potential or ?eld strength ratios for each 
setting of the pick-up means, and by altering 
known variable resistances ‘in the net-work to 20 
give a different value of current therethrough for 
each of 'these determinations. ' When the poten- _ 
tialor ?eld strength ratios are calculated from 
the data obtained by these two determinations, 
factors such as ground electrode resistance, re- 25 
ceiving coil impedance, instrument resistance, 
and ground ?eld variation may be eliminated and 
an accurate derivation of the desired ratios ob 
tained. Since the ground resistances, receiving 
coil impedance, instrument resistance and ground 30 
?eld strength do not always remain constant at 
different locations of the pick-up means, the 
elimination of these factors from the ratio deter 
minations is essential if the results obtained 
at different settings are to be properly co-related 35 
and relatively analyzed. ' 
The present invention will undoubtedly be 

better understood if reference is madeto the ac 
companying drawings, taken in conjunction with 
the following description, in which: 

Fig. l is a diagrammatic representation of ap 
paratus adapted for the p"actice of the invention; 

‘Fig. 2 is a diagrammatic curve indicative of 
results obtained when investigating an area con 
taining a conductive ore body or the like with ap- 45 
paratus shown in Fig. 1; and 

Fig. 3 is a diagrammatic curve indicating re 
sults obtainable when investigating an area con 
taining two superposed conducting layers. 

Referring to Fig. 1, an alternating current 50 
source I is connected to grounded power or ex 
citer electrodes 2 and 3, which may be separated 
several hundred or thousand feet. This arrange 
ment is adapted to set up the necessary ground 
?eld. . 
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2 
The ?eld excitation arrangement is used in 

conjunction with a compensating or neutralizing 
net-work consisting of non-inductive variable re 
sistances 4, 5 and 6 connected in series with each 
other and with stators ‘I and 8 of a variometer 9. 
The free ends of the stators are connected by 
means of a triple-pole double-throw switch I0 
either to spaced and ‘grounded potential electrodes 
II and I2, or to the free ends of pick-up coils I3 
and I4-consisting of the same number of turns 
of insulated copper wire, which are preferably 
placed within the in?uence of only one of the 
power or exciter electrodes. 
The triple-pole double-throw switch further 

connects a center potential electrode I5, or the 
common ends of the pick-up coils, to the rotor I6 
of the variometer.‘ The rotor isconnected in series 
with a zero current indicator, galvanometer or 
telephone I1 and a sliding contact arm I8 operat 
ing on resistance 6; either end of which resistance 
may be connected to the sliding contact arm by 
means of a single-pole double-throw, switch I9. 

It will be noted that the net-work employed 
comprises two parallel circuits a and b, the circuit 
a including the variable resistance 4; and the cir 
cuit 1) including the variable resistance 5. The 
current responsive device‘ IT is included in the 
branch common to the two circuits, and the re 
sistance 6 may be included in either of the cir~ 
cuits, derending upon the position of the switch 
IS. The resistance 6 is essentially an auxiliary 
resistance to increase resistance 4 or 5. 
During the investigation of a section of the 

tract, the potential drop between the electrodes 
II and I5 causes the ?ow of current in the cir 
cuit a; and the potential drop between the elec 
trodes I5 and I2 causes the ?ow of current in the 
circuit '2). By properly adjusting the resistance 6 
and the variometer 9, the resistances of the cir 
cuits a and b may be so balanced that the same 
current flows in both of these circuits; in other 
Words, the current has the same strength and the 

' same direction, and no current ?ows in the com 
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mon branch in which the instrument I1 is located. 
When this balanced condition is obtained, the 
ratio between the values of the resistances 4 and 
5 are indicative of the ratio between the ground 
potentials under investigation, as hereinafter 
more ‘fully explained. 
The distances between the electrodes 2 and I I, 

II and I5, I5 and I2, and the distance between 
the pick-up coils I3 and I4 may be chosen ar 
bitrarily. In the present preferred practice of 
the invention the electrodes and the pick-up coils 
are kept in ?xed relation to one another. 
In order to make a potential drop ratio deter 

mination for the potential drops between elec 
trodes II and I5 and between electrodes I5 and 
I2, which may for convenience be designated 
as VII-l5 and V1542, the potential electrodes 
II, I5 and I2 are connected to the compensating 
net-work by means of the triple-pole double— 
throw switch II], as shown. If the resistances 4 
and 5 are set at arbitrary values, a noticeable 
deviation of the zero indicator I1 is generally 
produced. This deviation may be neutralized by 
appropriate manipulation of the sliding contact 
arm I8 or the variable resistance 6, the single 
pole double-throw switch I9, and the rotor [6. 
The following equations may be considered as 

representing voltage conditions when no current 
?ows through the indicator II; that is, when a 
balanced condition has been obtained: 

1,997,163 
(1) 

(2) 

where 

i=the network current through II, ‘I, 4, 6, 5, 
8, I2; 

R11 and R1z=contact resistances of electrodes 
II and I2; 
R4, R5 and R6=the numerical values of re 

sistances 4, 5 and 5; 
Z1 and Zs=the impedance of the stators ‘I and 8, 

which are dependent upon the frequency and self 
inductance; 

)‘:the frequency of the alternating exciter cur 
rent; 
m=the mutual inductance between the’rotor 

and the stators; 
7' and 1r=two Well known mathematical symbols. 

No'w, changing the setting of resistance 4 (or 5) 
and re-establishing neutralization by resetting re 
sistance 5 (or 4) and rotor I6 until no current 
flows through the indicator I'I, without touching 
any of the other adjustments, we have the follow 
ing equations for voltage conditions: 

i'=the new resultant current; 
R'4 and R'5=the new values of resistances, 4 

and 5; a . 

m'=the new mutual inductance value for the 
compensation ; 

Dividing Equation (1) by Equation (2), the po 
tential electrode contact resistance R11 is repre 
sented by the following equation: 

Vii-l5 
(5) R11: VHFl2 

Dividing Equation (3) by Equation (4) and sub 
stituting the value of R11 from Equation (5) 

Experience and theory show that when using 
suitable variable resistances 4, 5 and 6, the expres-. 
sion 21rf (m'—m) is very small compared with the 
difference R’4—-R4 and the di?erence R's-R5 and 
can be neglected without endangering the relia 
bility of ‘the result. 

Therefore, Equation (6) may advantageously be 
written as follows: 

V11—15__R'4—R4 
(7) Vl5~l2_R'5'-'R5 
This relation is extremely simple, and contains 
only the resistance values essential for the compu 
tation of the potential drop ratio. , 

If for any reason it seems desirable to use the 
complete Equation (6) for the determination of 
the potential drop ratio, this can easily be done 
by anyone skilled in the art after transforming 
Equation (6) into an expression suitable for 
numerical computation. However, as stated be 
fore, Equation ('7) is much more satisfactory for 
practical purposes and hardly less reliable. 
The above explained derivation of potential ra 

tios may be carried out with a ground'?eld of 
either direct or alternating current. When di 
rect current is employed, it is not necessary to 
change the position of the variometer 9 to balance 
the constants of the circuits a and b, the balanc 
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1,997,103 
ing being effected by the use of the resistances 
only. The type of indicating instrument 11 em 
ployed will depend upon the ground ?eld current, 
a galvanometer or ammeter being used with di 
rect current ground ?elds. 
The same procedure is used for the determina 

tion of electro-magnetic ?eld strength ratios, the 
compensating net-work then being connected to 
receiving coils I3 and I4 by suitably moving the 
switch 10. In this case an alternating current is 
employed, since direct current is not applicable 
with pick-up coils. If H13 and H14 are the ?eld 
strengths inducing the electromotive forces E13 
and E14 in the coils for certain positions of the 
pick-up coils l3 and M, then we have the following 
ratio: 

which can be numerically determined by Equa 
tion (6) or (7). i 
The sensitivity of the apparatus may be con 

siderably increased if deemed desirable by em 
ploying suitable and well known means to amplify 
the current input to the indicator II. 
In order to carry out geophysical investiga 

tions, the electrode arrangement 2, ll, l5 and 12 
may either be moved as a unit over the area to be 
investigated and readings taken at diiferent 
points, or the potential electrodes ll, l5 and I 2 
may be moved independently in any desired direc 
tion; the same, of course, being true of the pick 
up coil arrangement l3 and I4. 

Fig. 2 represents schematically the reciprocal 
ratios 

Via-i2) Vii-1s 
obtainable when moving a ?xed electrode ar 
rangement over an area to be investigated, the 
different distances between electrodes being ar 
ranged in a ?xed order; such for example as 
1:1:2 along a traverse in the direction of. the 
arrow 20 across a better conductor, for instance 
an ore vein 2|. That is, the distance between 
electrodes 2 and II is equal to the distance be-" 
tween electrodes II and I5; and the distance be 
tween electrodes l5 and I2 is equal to twice the 
distance between electrodes 2 and “for between 
H and I2. In other words, the distance between 
electrodes l5 and I2 is equal to the total distance 
between electrodes 2, II and 15. In this manner, 
the successive measurements will always be com 
parable, because each succeeding determination 
is made from the same electrode’ distance arrange 
ment. Using this electrode distance division over 
successive tracts of substantially equal resistance, 
the ratio value is relatively small, and increases 
considerably over a better conductor, such as the 
ore body 2|; thus giving a clear indication of its 
position, the shape of the curve 22 depending up 
on the geological conditions and the potential 
electrode distances from oneof the power elec 
trodes- It will of course be understood that the 
electrode distances may have any convenient ?xed 
order. ~ , 

Each point on the curve 22 represents a ratio 
determination with respect to power or exciter 
electrode 2, as the exciter and pick~up devices are 
progressively moved over the tract. When the 
center potential electrode I5 is grounded over the 
top or tip 'of the ore body 2 i, the crest of the curve 
22 indicates a ratio determination with reference 
to power electrode 2. This particular method of 
plotting need not, of course, be followed. Any of 

the electrodes may be used as a reference point 
from which to plot the ratio determinations. 

Fig. 3 gives a schematic picture of the reciprocal ‘ 
ratio 

Via-l2) V1 1-“ 

change over two horizontal layers‘23 and 24 of 
different resistivity, the lower layer of which is 
assumed to be less conductive than the upper 
layer. The power electrode 2 is kept at a ?xed 
position A, and the three potential electrodes ll, 
l5 and I2 are spread in a straight line, always 
keeping the distance ratio 1:1:2 from the power 
electrode. For each successive setting and read 
ing, the electrodes are kept in a straight line with 
the power electrode 2, and the same relative dis 
tance relationship'is maintained as between the 
electrodes. The resulting curve 25 indicates for 
small distances from the exciter electrode 2 uni-. 
form ground, because the potential distribution is 
only affected by the upper layer 23. Increasing 
the potential electrode distances, the potential 
drop ratio increases too, due to the fact that grad 
ually the lower layer 24 gains a pronounced in 
finance upon the potential distribution at the sur 
face. The ratio reaches a peak 25, and then 
drops gradually to the value for uniform ground, 
indicating that for greater distances the poten 
tial distribution at the surface is now determined 
by the lower layer alone. 
Each point on the curve 25 represents a ratio 

determination with respect to potential electrode 
II, which, together with potential electrodes I5 
and I2, is progressively moved away from the 
?xed power. electrode 2; the same distance rela 
tionship, however, always being maintained as 
between all of the electrodes. Any electrode other 
than ll may of course be employed as the refer 
ence point from which to determine the potential 
drop ratios. 
The ratio curves of Figs. 2 and 3 represent typi 

cal examples of different types of gee-electrical 
ratio surveys, and indicate the great importance 
of the ratio compensator principle for the art of 
geo-electrical exploration. 

I claim: 
1. In an apparatus for electrical prospecting, 

the combination comprising a conductive net 
work provided with two circuits in parallel when 
employed in conjunction with a tract to be in 
vestigated, and each circuit being provided with 
at least one variable resistance connected in se 
ries with a stator of a variometer, said circuits‘ 
being provided with a common branch. 

2. Apparatus for electrical prospecting ac 
cording to claim 1, in which the free end of the 
stator connects with pick-up means adapted to be 
in?uenced by an arti?cially created ground ?eld. 

3. Apparatus for electrical prospecting ac 
cording to claim 1, in which the free end of the 
stator connects with pick-up means adapted to be 
in?uenced by an arti?cially created ground ?eld, 
said pick-up means being connected in series 
with the rotor of said variometer. ‘ 

4. Apparatus for electrical prospecting accord 
ing to claim 1, in which the free end of the stator 
connects with pick-up means adapted to be in 
?uenced by an arti?cially created ground ?eld, 
and the free'end of the rotor is connected in series 
with said variable resistance. . 

5. Apparatus for electrical prospecting accord 
ing to claim 1, in which the common branch in 
cludes pickup means, and a current responsive 
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means connectable in series with said pick-up 

' means and said variable resistance. 
6. Apparatus for electrical / prospecting ac 

cording to claim 1, in which the common branch 
includes pick-up means connectable in series 
with the variometer and an auxiliary variable re 
sistance. I 

'7. Apparatus for electrical prospecting ac 
cording to claim 1, in which the common branch 
includes in series pick-up means, a current indi 
cator, and an auxiliary variable resistance con 
nected in series with a variable resistance in 
each of said two circuits. 

8. Apparatus for electrical prospecting accord 
ing to claim 1, in which each circuit is provided 
with pick-up means. ' 

9. Apparatus for electrical prospecting accord 
ing to claim 1, in which each circuit is provided 
with pick-up means; ‘said pick-up means includ 
ing spaced potential electrodes. 

10. Apparatus for electrical prospecting ac 
cording to claim 1, in which each circuit is pro 
vided with pick-up means, said pick-up means in 
cluding three spaced potential electrodes. 

11. Apparatus for electrical prospecting ac 

1,997,108 
cording to claim 1, in which each circuit is pro 
?lled with pick-up means, said pick-up means 
including receiving coils adapted for the induc 
tion of current from a ground ?eld. 

12. Apparatus for electrical prospecting com 
prising a ?eld excitation-device for setting up an 
electric ground ?eld, a compensating net-work 
including two parallel circuits each of which is 
provided with at least one non-inductive varia 
ble resistance, said resistances beings connected 
in series with each other, and with stators of a 
variometer, the stators being connected to pick 
up means. 

13. In an, apparatus for electrical prospecting 
the combination comprising a ?eld excitation 
device for setting up an electric ground ?eld and a 
compensating network having two symmetrical 
ly arranged circuits connected in parallel, said 
compensating network including at least two 
non-inductive resistances, each oi said non-in 
ductive resistances being connected in series with 
the stator of a variometer, with the free ends of 
said stator connected to pick up means. 

THEODOR ZUSCHLAG. 
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